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The Effect of STA-MCA Bypass on Regional Cerebral Blood Flow
In Ischemic Foci
Wendy M. Robertson, PAC,* K.M.A. Welch, MD,* James R. Ewing, MS,
James I. Ausman, MD, PhD,+ and Fernando G. Diaz, MD, PhD+

The effect ofSTA-MCA bypass on regional cerebral bloodflow (rCBF) is unclear Since asymmetries of
rCBF have previously been shown to identify the focus of maximal cerebral ischemia, a study was
performed to assess the effects of surgical revascularization on rCBF in this focus. Sixteen candidates
for STA-MCA bypass were studied preoperatively and postoperatively. The rCBF vms measured by the
'"Xenon inhalation technique with eight contralateral probe pairs. The probe pair with the maximal
percentage difference in initial slope index (ISI) was identified and corresponded to the clinically
involved hemisphere in 14 patients. Following surgery, the ISI increased in the region of maximal
ischemia (from 36.0 ± 8.0 to 42.0 ± 9.0, p < 0.05), and the asymmetry of flow was reduced (from
16.8 ± 8.0 to 8.6 ± 9.8, p < 0.001). Hemispheric ISI and hemispheric asymmetry of ISI remained
unchanged afler surgery. The results suggest that STA-MCA bypass may effectively increase flow in a
focus of ischemialoligemia. The clinical significance ofthis improvement in rCBF must await further
study. (Henry Ford Hosp MedJ 1986;34:48-50)

n recent years, the extracranial to inti-acranial arterial bypass
procedure has been widely performed in an attempt to improve cerebral perfusion in clinically selected cases of brain ischemia. The effect of the procedure on regional cerebral blood
flow (rCBF) is, however, far from clear (1-3). Such studies are
effectively performed using the Xenon inhalation technique (4),
not only because it is noninvasive but also because it circumvents the problem, inherent with intraarterial injection techniques, of isotope delivery to brain in patients with carotid occlusion. We have shown this technique to be sensitive to
clinically evident focal ischemia on the basis of a probe by probe
analysis of regional probe pair asymmetries (5).
The purpose of this study was to assess the efficacy of the superficial temporal artery-middle cerebral artery (STA-MCA)
bypass procedure in reversing focal areas of ischemia as measured by asymmetry of regional cerebral blood flow.

I

calculated, as well as the mean hemispheric ISI in the operated
and nonoperated hemispheres. The percentage difference in
hemispheric blood flow and in each probe pair was calculated,
and the probe pair with the maximal percent ISI difference was
identified.
Postoperative arteriography results were available in 14 patients and demonstrated patency of the bypass in 13 patients and
nonpatency in one patient.

Results

The probe of lowest ISI preoperatively was found in the hemisphere ipsilateral to the arteriographic lesion in 14 of the 16 patients studied. In these 14 patients, the mean hemispheric ISI in
both the operated and nonoperated hemispheres did not change
significandy postoperatively. LUcewise, the percent difference
in hemispheric blood flow was unchanged after surgery (Table
1). However, flie probe of maximal asymmeti-y of regional blood
Methods and Clinical Material
flow was affected by surgery. The percentage difference in ISI
Sixteen candidates for STA-MCA bypass, the majority of
in the maximally ischemic probe was reduced from 16.8 ± 8.0
whom had a residual ischemic neurological deficit or history of
to 8.6 ± 9.4 (p < 0.001, paired t-test). The regional flow (ISI)
ti-ansient ischemic attacks, were studied. Eight males and eight
was significantiy increased from 36.0 ± 8.0 to 42.0 ± 9.0
females, age 45 to 80 years (mean 64.3 years) were included.
(p < 0.05) postoperatively (Table 2). The one patient with a nonNine patients had arteriographically demonstrated intemal carpatent bypass also had an increase of CBF with a decrease in the
otid artery occlusion, two patients had middle cerebral artery
asymmetry of the maximally ischemic probe.
occlusion, and five had middle cerebral artery stenosis.
The rCBF was measured by the '"Xenon inhalation technique
(4) with eight hemispheric probe pairs ananged around the paSubmitted for publication: December 12, 1985.
tient's head as shown in the Figure. CBF measures were obAccepted for publication: December 20.1985.
•Department of Neurology. Henry Ford Hospital.
tained an average of six weeks before surgery and 12 weeks
tDepartment of Neurosurgery, Henry Ford Hospital.
postoperatively. The initial slope index (ISI) (6) was used as an
Address correspondence to Ms Robertson, Department of Neurology, Henry Ford Hospital. 2799 W Grand Blvd, Den-oil, MI 48202.
index of perfusion. The mean ISI in each of the 16 probes was
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Table 1
Mean and Percentage Difference in Hemispheric ISI
in Operated and Nonoperated Hemispheres
Hemispheric ISI*
Preoperative
Postoperative

pt

41.0 ± 8.0
42.6 ± 8.0
6.5 ± 5 . 1

ns
ns
ns

Operated hemisphere
Nonoperated hemisphere
Percent hemispheric difference

43.1 ± 9.0
44.8 ± 9.0
6.6 ± 6.2

*mean ± standard deviation
tpaired t-test

Table 2
Mean and Percentage Difference in ISI in the Maximally
Ischemic Regional Probe
Maximum Ischemic Probe*
Preoperative Postoperative
pt
36.4 ± 8.0
16.8 ± 8.0

ISI
Percent difference in ISI
*mean ± standard deviation
tpaired t-test

42.0
8.6

9.0 <0.05
9.4 <0.00l

Discussion
The '^^Xenon intraarterial injection technique of measuring
rCBF has limitations in the delivery of isotope to an area of brain
supplied by an occluded artery. Schmiedek et al (7) demonstrated an improvement in rCBF after STA-MCA bypass by this
method, using selective injection of the extemal carotid artery or
the contralateral intemal carotid artery. The '^^Xenon inhalation
technique employed in the present study is more effective in
assessing the full effect of all sources of collateral supply to
the clinically involved hemisphere. Previous studies using this
technique (1,3) have demonstrated bilateral increases in CBF
foUowing STA-MCA anastomosis. De Weerd et al (8) noted an
increase in hemispheric blood flow infiveof ten patients undergoing surgery with a decrease in hemispheric asymmetry in
eight patients.
No effect was found on overall hemispheric CBF in either the
operated or nonoperated hemispheres. Meanflowvalues may be
less sensitive to focal ischemic cerebrovascular disease (CVD)
since decreases have been observed with aging and with elapsed
time postoperatively in surgical patients (3). We contend that
asymmetries of flow are more sensitive to the presence of occlusive disease (9) and, as this smdy demonstrates, also to the
reestablishment of flow through surgical revascularization.
The results of this study suggest that STA-MCA bypass surgery is effective in increasing CBF in a focal area of maximal
ischemia. However, the one patient with a nonpatent bypass also
showed improvement in flow, introducing the reservation that
CBF may increase with time-elapsed poststroke (1). Although
the clinical conelation of postsurgical blood flow changes is not
considered in this study, it has not shown a relationship to focal
changes in other smdies (10). The multicenter controlled trial of
STA-MCA bypass, confined to clinically selected patients,
failed to demonstrate a significant benefit (11). Positron emission
tomography smdies have revealed changes in the oxygen extraction fraction in a subgroup of surgical candidates (12,13). Furtiier study of surgical candidates with demonstrated focal asymmetries of TCBF, in combination with perturbations of glucose
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Figure—Placement
typical subject.

of head probes in relation to brain of

metabolism and oxygen utilization and/or high-energy phosphate metabolism measured by PET scanning or NMR spectroscopy, respectively, may aid in deflning a group of patients
who will benefit clinically from surgical intervention.

Acknowledgment
The authors thank Ms Nancy Hay for her assistance in the
preparation of the manuscript.

References
1. Halsey JH, Morawetz RB, Blauenstein UW, The hemodynamic effect of
STA-MCA bypass. Stroke 1982;13:163-7.
2. Laurent JP, Lawner PM, O'Connor M. Reversal of intracerebral steal by
STA-MCA anastomosis. J Neurosurg 1982;57:629-32.
3. Meyer JS, Nakajima S, Okabe T, et al. Redistribution of cerebral blood
flow following STA-MCA by-pass in patients with hemispheric ischemia.
Stroke 1982;13:774-84.
4. Obrist WD, Thompson HK Jr, Wang HS, Wilkinson WE. Regional cerebral blood flow estimated by '"xenon inhalation. Stroke 1975;6:245-56.
5. Ewing JR, Welch KMA, Robertson WM, et al. A probe-by-probe identification of focal cerebral ischemia using the '"xenon inhalation technique. J
Cereb Blood Flow Metab I983;3(Suppl l):S586-7.
6. Risberg J, Ali Z, Wilson EM, Wills EL, Halsey JH Jr Regional cerebral
blood flow by "^xenon inhalation: Preliminary evaluation of an initial slope index in patients with unstable flow compartments. Stroke 1975;6:142-8.
7. Schmiedek P, Gratzl O, Spetzler R, et al. Selection of patients for extraintracranial arterial bypass surgery based on rCBF measurements. J Neurosurg
1976;44:303-12.
8. De Weerd AW, Veering MM, Mosmans PCM, et al. Effect of the extraintracranial (STA-MCA) arterial anastomosis on EEG and cerebral blood
flow. A controlled study of patients with unilateral cerebral ischemia. Stroke
1982;13:674-9.

STA-MCA Bypass—Robertson et al 49

9. Robertson WM, Welch KMA, Ewing JR. The value of xenon inhalation
regional cerebral blood flow measurement in the detection of exO-acranial occlusive disease. Neurology 1985;35:214.
10. Hartmann A, Winter R, Rommel T, Menzel J. Alteration of bilateral iCBF
in patients with unilateral extracranial infracerebral bypass. J Cereb Blood How
Metab 1983-3:8614-5.
11. EC/IC Bypass Study Group. Failure of extracranial-intracranial arterial

50

Henry Ford Hosp Med J-Vol 34, No 1, 1986

bypasstoreducetheriskof ischemicstroke. NEnglJMed 1985;313:1191-1200.
12. Baron JC, Bousser MG, Rey A, Guillard A, Comar D, Castaigne P Reversal of focal "misery-perfusion syndrome" by extra-intracranial artenal bypass in hemodynamic cerebral ischemia. Sttoke 1981;12:454-9.
13. Powers WJ, Martin WRW, Herscovitch R Raichle ME, Gnibb RL. Extracranial-inUacranial bypass surgery: Hemodynamic and metabolic effects. Neurology 1984;34:1168-74.

STA-MCA Bypass-Robertson et al

